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Process for the removal of resist material 




(57) 


The present invention provides a process for 





the peeling of a resist material with a pressure-sensitive 
adhesive sheet which involves the improvement in the 
removal of resist material or the enhancement of peela- 
bility of resist material to certainly remove the resist 
material from the object regardless of the properties or 
treated state of the resist material. The process com- 
prises (1) after the application of the pressure-sensitive 
adhesive sheet, effecting a stress-imparting treatment 
which causes shrinkage or expansion of the pressure- 
sensitive adhesive sheet so that a stress develops at the 
interface between the resist material and the object or 
(2) prior to the application of the resist material to the 
object, effecting surface treatment to the object such 
that the surface of the object has a surface free energy 
of to not greater than 60 dyne/cm. 
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Description 

FIELD OF THE INVENTION 

[0001] The present invention relates to a process for 
the removal of an unnecessary resist material from an 
object such as semiconductor wafer at a step of forming 
a fine pattern during the preparation of semiconductors, 
circuits, printed circuit boards, liquid crystal panels, etc. 

BACKGROUND OF THE INVENTION 

[0002] In the process for the preparation of a semicon- 
ductor device, for example, a resist material is applied to 
a wafer such as silicon. The resist material is then sub- 
jected to ordinary photographic process to form an 
image made of resist pattern. With this image as a 
mask, the wafer is then etched. Unnecessary resist 
material is then removed. This procedure is then 
repeated. Unnecessary resist material is removed also 
in the case where a circuit is formed on various circuit 
boards. 

[0003] With the recent tendency towards the enhance- 
ment of the density and integration of LSI and the den- 
sity and size of liquid crystal panel, it has been 
important more and more from the standpoint of yield 
and reliability of product to simply and certainly remove 
unnecessary resist material from semiconductor wafer 
or glass substrate. Heretofore, a dry removal process 
using an asher (carbonization apparatus) or a wet 
removal process using a resist removing solvent has 
been normally employed at the step of removing unnec- 
essary resist material. 

[0004] However, the removal process using an asher 
is disadvantageous in that it takes much time to remove 
a resist material which has been doped with ions at a 
high dose. If plasma ashing is effected, the semicon- 
ductor substrate can be damaged by plasma. The wet 
removal process using a resist removing solvent is dis- 
advantageous in that it deteriorates the working atmos- 
phere and discharges waste liquid that pollutes the 
global atmosphere. This wet removal process is also 
disadvantageous in that the resist material which has 
once been removed could be again attached to the 
wafer. 

[0005] In order to solve these problems, a process for 
the removal of a resist material has been proposed 
involving the use of a sheet-like or tape-like pressure- 
sensitive adhesive sheet. This removal process com- 
prises applying a pressure-sensitive adhesive sheet to 
an object having a resist material provided thereon so 
that the resist material is fixed to the pressure-sensitive 
adhesive layer, and then peeling the pressure-sensitive 
adhesive sheet off the object together with the resist 
material to remove the resist material from the object. 
This removal process is free from the problems inherent 
to the conventional removal processes using an asher 
or solvent, contributing to the enhancement of the yield 



of product. 

[0006] However, the foregoing removal process using 
a pressure-sensitive adhesive sheet is disadvanta- 
geous in that, in cases where some kinds of resist mate- 

5 rial are used or some kinds of treatment on resist 
material are effected, the resist material can not be 
removed completely from an object such as semicon- 
ductor substrate. In particular, resist materials doped 
with ions at a dose as high as not less than 1 x 10 15 

w ions/cm 2 can be hardly peeled off the substrate in most 
cases. 

SJ IMMARY OF THE INVENTION 

15 [0007] It is therefore an object of the present invention 
to provide a process for the peeling of a resist material 
with a pressure-sensitive adhesive sheet which involves 
the improvement in the removal of resist material or the 
enhancement of peelability of resist material to certainly 
so remove the resist material from the object regardless of 
the properties or treated state of the resist material. 
[0008] The inventors made extensive studies of the 
foregoing object of the present invention. As a result, it 
was found as a first aspect that, by cooling the pressure- 
25 sensitive adhesive sheet together with the resist mate- 
rial and the object or heating them and then cooling, 
prior to peeling of a pressure-sensitive adhesive sheet 
applied to the upper surface of a resist material on an 
object such as semiconductor substrate, the shrinkage 
30 or expansion of the pressure-sensitive adhesive sheet 
is caused to impart a stress to the interface between the 
resist material and the object, thereby enhancing the 
peelability of the resist material and hence making it 
possible to simply and certainly remove the resist mate- 
35 rial from the object regardless of the properties of the 
resist material or other factors. 
[0009] Furthermore, it was found as a second aspect 
that, prior to the application of the resist material to the 
object, by effecting a specific surface treatment to the 
40 object such that the surface of the object has a surface 
free energy of not greater than a predetermined value, 
the peelability of the resist material provided thereon 
can be enhanced, making it possible to certainly 
remove the resist material off the object with a pressure- 
's sensitive adhesive sheet regardless of the treated state 
of the resist material and drastically enhance the relia- 
bility in peeling. 

DETAILED DESCRIPTION OF THE INVENTION 

50 

[001 0] The first aspect of the present invention espe- 
cially concerns the following embodiments: 

(1) A process for the removal of a resist material 
55 which comprises applying a pressure-sensitive 
adhesive sheet to the upper surface of a resist 
material present on an object, and then peeling the 
pressure-sensitive adhesive sheet together with the 
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resist material to remove the resist material from 
the object, and after the application of the pressure- 
sensitive adhesive sheet, effecting a stress-impart- 
ing treatment which causes shrinkage or expansion 
of the pressure-sensitive adhesive sheet so that a 
stress develops at the interface between the resist 
material and the object, 

(2) A process for the removal of a resist material of 
item (1), wherein the pressure-sensitive adhesive 
sheet comprises a curing type pressure-sensitive 
adhesive layer, and after the application of the pres- 
sure-sensitive adhesive sheet, a curing treatment 
for the curing type pressure-sensitive adhesive 
layer is effected and then the stress-imparting treat- 
ment is effected, 

(3) A process for the removal of a resist material of 
item (1) or (2), wherein the stress-imparting treat- 
ment comprises (1) cooling the pressure-sensitive 
adhesive sheet, together with the resist material 
and object, to a temperature of not higher than 0°C 
or (2) heating them to a temperature of not lower 
than 100°C and then allowing the pressure-sensi- 
tive adhesive sheet to cool to room temperature, 
and 

(4) A process for the removal of a resist material, 
wherein the pressure-sensitive adhesive sheet 
comprises an ultraviolet-curing pressure-sensitive 
adhesive layer, and, after the application of the 
pressure-sensitive adhesive sheet, irradiation of 
ultraviolet rays to the pressure-sensitive adhesive 
layer being in a thermally plasticized form is 
effected to cure the pressure-sensitive adhesive 
layer, and then spontaneous or forced cooling to 
room temperature is effected, whereby the curing 
treatment and stress-imparting treatment are 
effected simultaneously. 

[001 1] The term "object having a resist material pro- 
vided thereon" as used herein is meant to indicate, 
e.g., one obtained by a process which comprises apply- 
ing a known resist material to an object such as semi- 
conductor substrate and glass substrate, subjecting the 
substrate to ordinary photographic process to form a 
predetermined resist pattern (resist film image) thereon, 
injecting ions such as As + , P + and B + into the substrate 
at the open side thereof with the resist material as a 
mask, and then subjecting the substrate to any other 
suitable treatments such as etching. The thickness of 
the resist material, if used as a mask with which ions are 
injected into the substrate, is normally in a range of from 
about 1 to 5 fim, but is not specifically limited. 
[0012] In the first aspect of the present invention, a 
pressure-sensitive adhesive sheet is applied to the 
upper surface of the resist material present on the 
object. The application of the pressure-sensitive adhe- 
sive sheet may be effected at ordinary temperature. 
However, the pressure-sensitive adhesive sheet is pref- 
erably thermally contact-bonded to the resist material to 



allow the resist material and the pressure-sensitive 
adhesive layer to come in close contact with each other. 
This thermal contact bonding is accompanied by some 
expansion or shrinkage. However, the expansion or 
5 shrinkage is not so strong enough to cause such a 
stress at the interface between the resist material and 
the object that a good peelability imparts to the resist 
material. 

[0013] The pressure-sensitive adhesive sheet to be 
w used herein is a sheet-like or tape-like film substrate 
having formed thereon a pressure-sensitive adhesive 
layer generally having a thickness of from 20 to 1 50 urn. 
Examples of the film substrate include plastic films 
made of various synthetic resins and generally having a 
is thickness of from 10 to 1 ,000 jim. Examples of the syn- 
thetic resins include polyester, polycarbonate, polyethyl- 
ene, polypropylene, ethylene-propylene copolymer, 
ethylene-vinyi acetate copolymer and ethylene-ethyl 
acrylate copolymer. 
20 [0014] The pressure-sensitive adhesive layer may be 
of non-curing type. However, the pressure-sensitive 
adhesive layer is preferably of curing type in terms of 
complete removal of the resist material. The curing type 
pressure-sensitive adhesive layer may be made of a 
25 pressure-sensitive adhesive which cures (solidifies) 
when cooled from hot state, such as not melt pressure- 
sensitive adhesive, or a polymerization-curable pres- 
sure-sensitive adhesive comprising a curable com- 
pound and a polymerization catalyst incorporated in a 
30 pressure-sensitive adhesive polymer such as acrylic 
polymer. Preferred among these pressure-sensitive 
adhesives is polymerization-curable pressure-sensitive 
adhesive, particularly an ultraviolet-curing pressure- 
sensitive adhesive. 
35 [001 5] The linear expansion coefficient of such a pres- 
sure-sensitive adhesive layer is preferably not less than 
1 x 10" 4 /°C to transmit more effectively a stress to the 
interface of the resist material with the object such as 
semiconductor substrate. The ratio of the linear expan- 
40 sion coefficient of the pressure-sensitive adhesive layer 
to the linear expansion coefficient of the object such as 
semiconductor substrate is preferably 2 or more, more 
preferably 10 or more. The linear expansion coefficient 
of the silicon wafer is normally about 3 x 10" 6 /°C. If the 
45 linear expansion coefficient of the pressure-sensitive 
adhesive layer is as specified above, the ratio of the lin- 
ear expansion coefficient of the two components satis- 
fies the above-specified range sufficiently. 
[0016] The term "linear expansion coefficient" as used 
so herein means the amount indicating the ratio of the 
change in thermal expansion of a solid under a prede- 
termined pressure with temperature. The linear expan- 
sion coefficient can be represented by the following 
equation. For the measurement of the thermal expan- 
55 sion of the pressure-sensitive adhesive layer of the 
present invention, TMA (thermal mechanical analysis) 
apparatus may be used. 
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Linear expansion coefficient a = (1/L°) • (dL/dt) 

wherein L° represents the length of the object at 0°C; 
and L represents the length of the object at t°C. 
[0017] In the first aspect of the present invention, 5 
when the pressure-sensitive adhesive sheet has a cur- 
ing type pressure-sensitive adhesive layer, after the 
pressure-sensitive adhesive sheet is applied to the 
upper surface of the resist material provided on the 
object, a predetermined curing treatment is effected. 10 
and a stress-imparting treatment is then effected. The 
stress-imparting treatment comprises (1) cooling the 
pressure-sensitive adhesive sheet together with the 
resist material and the object to a temperature of not 
higher than 0*C or (2) heating them to a temperature of is 
not higher than 1 00°C and then allowing them to cool to 
room temperature. For the former cooling process, the 
material may be directly cooled with liquefied nitrogen 
or dry ice. Alternatively, the material may be allowed to 
come in contact with a liquid or metallic fixture which so 
has been cooled with liquefied nitrogen or dry ice. 
[0018] The foregoing curing type pressure-sensitive 
adhesive layer may be subjected to the application of 
stress at the same time with curing. In particular, the 
ultraviolet-curing pressure-sensitive adhesive layer can 25 
be irradiated with ultraviolet rays in thermally plasticized 
state (generally from 40 to 150°C), and then allowed to 
cool or forcedly cooled to room temperature so that it 
can be cured and provided with a stress at the same 
time. According to this process, the application of stress 30 
can be simply effected. In particular, if the irradiation 
with ultraviolet rays is effected in thermally plasticized 
state, curing can be accelerated, making it possible to 
complete curing in a short period of time. 
[0019] The foregoing application of stress causes the 35 
pressure-sensitive adhesive sheet to shrink or 
expand/shrink. This accompanies the generation of a 
shearing stress at the interface of the resist material 
with the object that reduces the adhesion of the resist 
material with the object. In the present invention, the <jo 
pressure-sensitive adhesive sheet can be easily peeled 
off the object together with the resist material under 
these circumstances. In this manner, the resist material 
cannot be left behind even if the resist material has 
been modified by ions injected to form a hard surface 45 
layer, i.e., the resist material exhibits any properties. 
Thus, a desired good peelability can be realized with a 
good reproducibility. 

[0020] Next, the second aspect of the present inven- 
tion will be described in detail. so 
[0021] The second aspect concerns a process for the 
removal of a resist material which comprises applying a 
pressure-sensitive adhesive sheet to the upper surface 
of a resist material present on an object, and then peel- 
ing the pressure-sensitive adhesive sheet together with 55 
the resist material to remove the resist material from the 
object, wherein, prior to the application of the resist 
material to the object, surface treatment to the object is 



effected such that the surface of the object has a sur- 
face free energy of to not greater than 60 dyne/cm. The 
second aspect also concerns the foregoing process for 
the removal of a resist material, wherein a surface treat- 
ment to the object is effected such that the surface of 
the object has a contact angle with respect to water of 
not less than 40°. 

[0022] The term "surface free energy of object" as 
used herein is meant to indicate the surface free energy 
determined by solving the following equation (1) derived 
from Young's equation and Fowkers' extended equation 
in the contact angle of the surface of an object with 
water and methyl iodide and the surface free energy of 
these liquids (known from references). 

(1 + eosefrl = 2 V(7S d T 1 d ) + 2 J(ys P y1 P ) (1) 

where 

6: contact angle; 

fl: surface free energy of liquid for measuring 

contact angle; 
•y1 d : dispersing force component in yi ; 
■y1 p : polar force component in yi ; 
7S d : dispersing force component in surface free 

energy of solid (object); and 
ys p : polar force component in surface free energy 

of solid (object) 

[0023] In the second aspect of the present invention, 
prior to the application of the resist material to an object 
such as semiconductor wafer, the surface treatment to 
the side of the object which the resist material is to be 
provided on is effected to provide a surface having a 
surface free energy of not more than 60 dyne/cm, pref- 
erably from 30 to 50 dyne/cm. It is preferred that the sur- 
face treatment provides a surface having a contact 
angle with respect to water of not less than 40°, particu- 
larly from 55 to 80°. When a resist material is provided 
on the object subjected to the surface treatment, the 
resist material exhibits a properly reduced adhesion, 
making it easy for the pressure-sensitive adhesive 
sheet to peel at the subsequent step. 
[0024] The above-described surface treatment can be 
accomplished by chemical method or physical method, 
singly or in combination. Examples of the surface treat- 
ment include a hydrophobic treatment process which 
comprises exposing an object such as semiconductor 
wafer to vapor of an organic silicon compound such as 
hexamethyl disilazane, and then subjecting the wafer to 
heat treatment. In accordance with this process, the 
surface free energy of the object and the contact angle 
of the surface of the object with water can be controlled 
to the above-described ranges by adjusting the expos- 
ing time. If the foregoing adjustment is insufficient, and 
the surface free en - rgy and other factors cannot be con- 
trolled to the above-described ranges, the resist mate- 
rial cannot exhibit good peelability. 
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[0025] A known resist material is then applied to the 
object thus surface-treated. The object is then sub- 
jected lo ordinary photographic process to form a pre- 
determined resist pattern (resist film image) thereon. 
Ions such as As + , P + and B + are then injected into the 
object at the open side thereof with the resist material 
as a mask. The object is then subjected to various treat- 
ments such as etching. Finally, unnecessary resist 
material (resist film image) is removed to form a circuit 
[0026] The removal of the resist material can be 
accomplished by a process which comprises applying a 
pressure-sensitive adhesive sheet to the upper surface 
of the resist material, and then peeling the pressure- 
sensitive adhesive sheet together with the resist mate- 
rial. The pressure-sensitive adhesive sheet is a sheet- 
like or tape-like form and comprises a film generally 
having 10 to 1,000 |im as a substrate and a pressure- 
sensitive adhesive layer generally having a thickness of 
20 to 150 fim provided on the substrate. Examples of 
the material constituting the film includes polyester, 
polycarbonate, polyethylene, polypropylene, ethylene- 
propylene copolymer, ethylene-vinyl acetate copolymer, 
and ethylene-ethyl acrylate copolymer. 
[0027] The pressure-sensitive adhesive layer may be 
of non-curing type. However, the pressure-sensitive 
adhesive layer is preferably of curing type in terms of 
complete removal of the resist material. The curing type 
pressure-sensitive adhesive layer may be made of a 
pressure-sensitive adhesive which cures (solidifies) 
when cooled from hot state, such as hot melt pressure- 
sensitive adhesive or a polymerization-curable pres- 
sure-sensitive adhesive comprising a curable com- 
pound and a polymerization catalyst incorporated in a 
pressure-sensitive adhesive polymer such as acrylic 
polymer. Preferred among these pressure-sensitive 
adhesives is a polymerization-curable pressure-sensi- 
tive adhesive, particularly an ultraviolet-curing pres- 
sure-sensitive adhesive. 

[0028] In accordance with the foregoing peeling proc- 
ess, the resist material can be removed from the object 
together with the pressure-sensitive adhesive sheet. 
Since the surface free energy of the object has been 
controlled to the above-specified range to give a prop- 
erty reduced adhesion between the object and the resist 
material, the resist material can be certainly removed 
from the object by the foregoing peeling process without 
leaving itself behind on the object regardless of the 
treated state of the resist material, e.g., even if the resist 
material has been modified by ions injected to form a 
hard surface layer thereon. 

[0029] The present invention is not limited to produc- 
tion of semiconductor devices. The application of the 
present invention is not limited so far as the object has a 
patterned resist material formed thereon. In practice, 
however, it goes without saying that the present inven- 
tion can be applied to various objects. 
[0030] The present invention will be further described 
in the following examples, but the present invention 



should not be construed as being limited thereto. The 
term "parts" as used herein is meant to indicate "parts 
by weight". 

5 RFFERENCE EXAMPLE 1 

[0031] A positive-working resist was applied to a sili- 
con wafer having formed thereon an oxide layer having 
a thickness of 10 nm according to a CVD method to 
jo form a resist layer having a thickness of 1nm, heated, 
exposed to light, and then subjected to development to 
form a resist f ilm image thereon. P + ions were then 
injected into the silicon wafer at an injection energy of 
80 keV and an injection density of 1 x 10 1 ions/cnT 
is with the resist film image as a mask. 

EXAMPLE 1-1 

[0032] 80 parts of n-butyl acrylate, 15 parts of ethyl 
20 acrylate and 5 parts of acrylic acid were allowed to 
undergo solution polymerization with 150 parts of ethyl 
acrylate and 0.1 parts of azobisisobutyronitrile at a tem- 
perature of 60°C in a stream of nitrogen for 12 hours to 
obtain a solution of an acrylic polymer having a weight- 
25 average molecular weight of 500,000. The solution thus 
obtained was then uniformly mixed with a polyethylene 
glycol diacrylate as a curable compound, a urethane 
acrylate ("U-N-01". produced by Shinnakamura Chemi- 
cal Co.. Ltd.). a polyfunctional isocyanate compound 
30 ("Coronate L". produced by Nippon Polyurethane Indus- 
try Co., Ltd) and dimethoxy(phenyl)methyl phenyl 
ketone as a photopolymerization initiator in an amount 
of 50 parts, 50 parts, 3 parts and 3 parts, respectively, 
based on 100 parts of the acrylic polymer to prepare a 
35 solution of ultraviolet-curing pressure-sensitive adhe- 
sive. 

[0033] The pressure-sensitive adhesive solution thus 
prepared was applied to a polyester film having a thick- 
ness of 50 nm to provide a* dry thickness of 35 Jim, and 
40 then dried at a temperature of 130°C for 3 minutes to 
prepare a pressure-sensitive adhesive sheet having an 
ultraviolet-curing pressure-sensitive adhesive layer. The 
pressure-sensitive adhesive sheet thus prepared exhib- 
its a very small adhesion to silicon wafer before as well 
45 as after curing by irradiation with ultraviolet rays. In 
some detail, the pressure-sensitive adhesive sheet 
exhibited a 180° peel strength (at 20°C) of 13 g/10 mm 
width with respect to silicon wafer before curing by irra- 
diation with ultraviolet rays. The pressure-sensitive 
so adhesive sheet exhibited a 1 80° peel strength (at 20°C) 
of 8 g/10 mm width with respect to silicon wafer after 
curing by irradiation with ultraviolet rays. 20°C The pres- 
sure-sensitive adhesive layer thus ultraviolet-cured 
exhibited a linear expansion coefficient of 2.4 x 10" /°C. 
55 [0034] Subsequently, the foregoing ultraviolet-curing 
pressure-sensitive adhesive sheet was contact-bonded 
to the upper surface of the resist film image on the sili- 
con wafer prepared by the method of Reference Exam- 
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pie 1 over a 130°C hot plate for 30 seconds. Thereafter, 
the silicon wafer was irradiated with ultraviolet rays from 
a high pressure mercury vapor lamp at a dose of 900 
mJ/cm 2 so that the pressure-sensitive adhesive was 
cured. The whole silicon wafer was then cooled to - 
196°C with liquefied nitrogen. Thereafter, when the 
pressure-sensitive adhesive sheet was peeled, the 
resist material, too, was removed from the silicon wafer. 
The silicon wafer from which the resist material had 
been thus removed was then observed under micro- 
scope. As a result, no resist material was observed left 
behind on the silicon wafer. 

FX AMPLE 1-2 

[0035] The same pressure-sensitive adhesive sheet 
as used in Example 1-1 was applied to the upper sur- 
face of the resist film image on the silicon wafer pre- 
pared by the method of Reference Example 1 over a 
130°C hot plate for 30 seconds and then irradiated with 
ultraviolet rays in the same manner as in Example 1-1 
The silicon wafer was then heated to a temperature of 
180°C for 30 seconds. The silicon wafer was then 
allowed to cool to room temperature. When the pres- 
sure-sensitive adhesive sheet was peeled, the resist 
material, too. was removed from the silicon wafer. The 
silicon wafer from which the resist material had been 
thus removed was then observed under microscope. As 
a result, no resist material was observed left behind on 
the silicon wafer. 

EXAMPLE 1-3 

[0036] The same pressure-sensitive adhesive sheet 
as used in Example 1-1 was contact-bonded to the 
upper surface of the resist film image on the silicon 
wafer prepared by the method of Reference Example 1 
over a 130°C hot plate for 30 seconds in the same man- 
ner as in Example 1 -1 . Thereafter, the silicon wafer was 
irradiated with ultraviolet rays from a high pressure mer- 
cury vapor lamp at a dose of 1 00 mJ/cm 2 while the pres- 
sure-sensitive adhesive sheet was being kept heated to 
the same temperature so that the pressure-sensitive 
adhesive was cured. The silicon wafer was then allowed 
to cool to room temperature. When the pressure-sensi- 
tive adhesive sheet was peeled, the resist material, too, 
was removed from the silicon wafer. The silicon wafer 
from which the resist material had been thus removed 
was then observed under microscope. As a result, no 
resist material was observed left behind on the silicon 
wafer. 

COMPARATIVE FXAMPLE 1-1 

[0037] The same pressure-sensitive adhesive sheet 
as used in Example 1-1 was applied to the upper sur- 
face of the resist film image on the silicon wafer pre- 
pared by the method of Reference Example 1 and then 



irradiated with ultraviolet rays in the same manner as in 
Example 1-1. The pressure-sensitive adhesive sheet 
was then immediately peeled. As a result, a large por- 
tion of the resist material was removed. When observed 
5 under microscope, however, the silicon wafer had a 
slight amount of resist material left behind thereon (30 
(imo, i.e., in the area of 30 \im x 30 urn). 

EXAMPLE 2-1 

70 

[0038] A silicon wafer having an oxide layer having a 
thickness of 10 nm formed thereon according to a CVD 
(Chemical Vapor Deposition) process was exposed to 
vapor of hexamethyl disilazane at a temperature of 

15 QO'C for 5 minutes, and then subjected to heat treat- 
ment in dried air at a temperature of 180°C for 90 sec- 
onds. The silicon wafer thus processed exhibited a 
surface free energy of 40.6 dyne/cm and a contact 
angle of 65.0° with respect to water. A negative-working 

20 resist material was applied to the silicon wafer to pro- 
vide a resist layer having a thickness of 1 nm, heated, 
exposed to light, and then subjected to development to 
form a resist film image thereon. P + ions were then 
injected into the silicon wafer at an injection energy of 

25 80 keV and an injection density of 1 x 10 16 ions/cm 2 
with the resist film image as a mask. 
[0039] An ultraviolet-curing pressure-sensitive adhe- 
sive sheet was then contact-bonded to the silicon wafer 
thus prepared over a 130°C hot plate. Thereafter, the 

30 silicon wafer was irradiated with ultraviolet rays from a 
high pressure mercury vapor lamp at a dose of 900 
mJ/cm 2 so that the pressure-sensitive adhesive was 
cured. When the pressure-sensitive adhesive sheet was 
peeled, the resist material (resist film image), too, was 

35 removed away from the silicon wafer. The surface of the 
silicon wafer was then observed under microscope. As 
a result, the silicon wafer was observed completely free 
of resist material. 

[0040] The foregoing ultraviolet-curing pressure-sen- 

40 sitive adhesive sheet had been prepared by the follow- 
ing method. In some detail, a monomer mixture 
comprising 80 parts of n-butyl acrylate, 15 parts of ethyl 
acrylate and 5 parts of acrylic acid was allowed to 
undergo solution polymerization with 150 parts of ethyl 

45 acetate and 0.1 parts of azobisisobutyronitrile in a 
stream of nitrogen at a temperature of 60°C for 12 hours 
to obtain a solution of acrylic polymer having a weight- 
average molecular weight of 500.000. 
[0041] The solution thus obtained was then uniformly 

so mixed with a polyethylene glycol diacrylate as a curable 
compound, a urethane acrylate ("U-N-01", produced by 
Shinnakamura Chemical Co.. Ltd.), an isocyanate com- 
pound ("Coronate L", produced by Nippon Polyurethane 
Industry Co., Ltd.) as a polyfunctional compound and 

55 dimethoxy(phenyl)methyl phenyl ketone as a photopoly- 
merizatjon initiator in an amount of 50 parts, 50 parts. 3 
parts and 3 parts, respectively, based on 100 parts of 
the acrylic polymer to prepare a solution- of ultraviolet- 
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curing pressure-sensitive adhesive. 
[0042] Subsequently, the pressure-sensitive adhesive 
solution thus prepared was applied to a substrate made 
of a polyester film having a thickness of 50 urn to pro- 
vide a dry thickness of 35 urn, and then dried at a tem- 
perature of 130°C for 3 minutes to prepare an 
ultraviolet-curing pressure-sensitive adhesive sheet. 
The pressure-sensitive adhesive sheet exhibited a 180° 
peel strength (at 20°C) of 10 g/10 mm width with 
respect to silicon wafer before curing by irradiation with 
ultraviolet rays. The pressure-sensitive adhesive sheet 
exhibited a 180° peel strength (at 20°C) of 13 g/10 mm 
width with respect to silicon wafer after curing by irradi- 
ation with ultraviolet rays. 

EXAMPLE 2-2 

[0043] A silicon wafer having an oxide layer having a 
thickness of 10 nm formed thereon according to a CVD 
process was exposed to vapor of hexamethyl disilazane 
at a temperature of 80°C for 2 minutes, and then sub- 
jected to heat treatment in dried air at a temperature of 
1 80°C for 90 seconds. The silicon wafer thus processed 
exhibited a surface free energy of 44.3 dyne/cm and a 
contact angle of 60.1° with respect to water. A resist film 
image was then formed on the silicon wafer in the same 
manner as in Example 2-1. Ions were then injected into 
the silicon wafer with the resist film image as a mask in 
the same manner as in Example 2-1. 
[0044] The same ultraviolet-curing pressure-sensitive 
adhesive sheet as used in Example 2-1 was then 
applied to the silicon wafer thus prepared in the same 
manner as in Example 2-1. The silicon wafer was then 
subjected to curing in the same manner as in Example 
2-1. When the pressure-sensitive adhesive sheet was 
peeled, the resist material (resist film image), too, was 
removed away from the silicon wafer. The surface of the 
silicon wafer was then observed under microscope. As 
a result, the silicon wafer was observed completely free 
of resist material. 

COMPARATIVE EXAMPLE 2-1 

[0045] A silicon wafer having an oxide layer having a 
thickness of 10 nm formed thereon according to a CVD 
process was exposed to vapor of hexamethyl disilazane 
at a temperature of 80°C for 10 seconds, and then sub- 
jected to heat treatment in dried air at a temperature of 
180°C for 90 seconds. The silicon wafer thus processed 
exhibited a surface free energy of 61.8 dyne/cm and a 
contact angle of 36.1° with respect to water. A resist f ilm 
image was then formed on the silicon wafer in the same 
manner as in Example 2-1. Ions were then injected into 
the silicon wafer with the resist film image as a mask in 
the same manner as in Example 2-1 . 
[0046] The same ultraviolet-curing pressure-sensitive 
adhesive sheet as used in Example 2-1 was then 
applied to the silicon wafer thus prepared in the same 



manner as in Example 2-1. The silicon wafer was then 
subjected to curing in the same manner as in Example 
2-1. When the pressure-sensitive adhesive sheet was 
peeled, the resist material (resist film image), too, was 

5 removed away from the silicon wafer. The surface of the 
silicon wafer was then observed under microscope. As 
a result, most part of the resist material was observed 
removed but a slight amount of resist material was 
observed left behind on the silicon wafer (about 30 

10 nmu). Thus, this comparative process leaves some- 
thing to be desired. 

[0047] As mentioned above, the present invention can 
provide a process for the removal of a resist material 
which comprises applying a pressure-sensitive adhe- 

(5 sive sheet to the upper surface of a resist material on an 
object such as semiconductor substrate, and then peel- 
ing the pressure-sensitive adhesive sheet together with 
the resist material, wherein, after the application of the 
pressure-sensitive adhesive sheet, effecting a stress- 

20 imparting treatment which causes shrinkage or expan- 
sion of the pressure-sensitive adhesive sheet so that a 
stress develops at the interface between the resist 
material and the object, whereby the resist material can 
be removed away from the object easily and certainly 

25 regardless of the properties thereof, i.e., the resist 
material can be completely peeled off the object with a 
good reproducibility, making it possible to enhance the 
reliability in peeling. 

[0048] The present invention also provides an indus- 

30 trially useful process for the removal of a resist material 
which comprises peeling a resist material off an object 
with a pressure-sensitive adhesive sheet, wherein, prior 
to the application of the resist material to the object, sur- 
face treatment to the object is effected such that the sur- 

35 face of the object has a surface free energy of to not 
greater than a predetermined value, whereby the peela- 
bility of the resist material provided thereon can be 
enhanced, making it possible to certainly remove the 
resist material off the object regardless of the treated 

40 state of the resist material. 

[0049] While the invention has been described in 
detail and with reference to specific embodiments 
thereof, it will be apparent to one skilled in the art that 
various changes and modifications can be made therein 

45 without departing from the spirit and scope thereof. 

Claims 

1 . A process for the removal of a resist material which 
so comprises applying a pressure-sensitive adhesive 
sheet to the upper surface of a resist material 
present on an object, and then peeling said pres- 
sure-sensitive adhesive sheet together with said 
resist material to remove said resist material from 
55 said object. 

which further comprises, after the application 
of said pressure-sensitive adhesive sheet. 
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effecting a stress- imparting treatment which 
Cciuses shrinkage or expansion of said pres- 
sure-sensitive adhesive sheet so that a stress 
develops at the interface between said resist 
material and said object. 5 

. The process for the removal of a resist material 
according to Claim 1, wherein the ratio of linear 
expansion coefficient of pressure-sensitive adhe- 
sive layer in said pressure-sensitive adhesive sheet jo 
to linear expansion coefficient of said object is not 
less than 2. 

. The process for the removal of a resist material 
according to Claim 1, wherein said pressure-sensi- 15 
tive adhesive sheet comprises a curing type pres- 
sure-sensitive adhesive layer, and after the 
application of said pressure-sensitive adhesive 
sheet, a curing treatment for the curing type pres- 
sure-sensitive adhesive layer is effected and then 20 
the stress-imparting treatment is effected. 



sure-sensitive adhesive sheet together with said 
resist material to remove said resist material from 
said object, wherein, prior to the application of said 
resist material to said object, surface treatment to 
said object is effected such that the surface of the 
object has a surface free energy of to not greater 
than 60 dyne/cm. 

8. The process for the removal of a resist material 
according to Claim 7, wherein said surface treat- 
ment to said object provides a surface having a 
contact angle with respect to water of not less than 
40°. 



The process for the removal of a resist material 
according to Claim 1, wherein said stress-imparting 
treatment comprises (1) cooling said pressure-sen- 25 
sitive adhesive sheet, together with said resist 
material and object, to a temperature of not higher 
than 0°C or (2) heating said pressure-sensitive 
adhesive sheet to a temperature of not lower than 
100°C and then allowing said pressure-sensitive 30 
adhesive sheet, together with said resist material 
and object, to cool to room temperature. 



>. The process for the removal of a resist material 
according to Claim 1 , wherein said pressure-sensi- 35 
tive adhesive sheet comprises a curing type pres- 
sure-sensitive adhesive layer, and a curing 
treatment for the curing type pressure-sensitive 
adhesive layer and the stress-imparting treatment 
are effected simultaneously. 40 



The process for the removal of a resist material 
according to Claim 5, wherein said pressure-sensi- 
tive adhesive sheet comprises an ultraviolet-curing 
pressure-sensitive adhesive layer, and, after the 45 
application of said pressure-sensitive adhesive 
sheet, irradiation of ultraviolet rays to said pressure- 
sensitive adhesive layer being in a thermally plasti- 
cized form is effected to cure said pressure-sensi- 
tive adhesive layer, and then spontaneous or forced so 
cooling to room temperature is effected, whereby 
the curing treatment and stress-imparting treatment 
are effected simultaneously. 



A process for the removal of a resist material which 55 
comprises applying a pressure-sensitive adhesive 
sheet to the upper surface of a resist material 
present on an object, and then peeling said pres- 
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